Based on Baumol's cost-disease model, we develop two alternative measures of the change in the productivity of schooling. Both productivity measures are based on changes in the relative price of schooling. We find that in most OECD countries the price of schooling has increased faster in 1970-94 than would be compatible with constant schooling productivity. In addition, we show that the average performance of pupils has remained constant at best in most OECD countries. Our results imply a larger decline in the productivity of schooling in many OECD countries than in the United States.
INTRODUCTION
In the average OECD country, schooling accounts for larger fractions of Gross Domestic Product (GDP) and employment than many manufacturing industries. 1 Nevertheless, very little is known about changes in the productivity of schooling.
Like other services, schooling is most likely to be a sector with stagnant productivity. Similar to performing a symphony or a haircut, schooling is labor intensive and the applied technology may not have changed much over the past quarter century, which is in stark contrast to technological developments in manufacturing industries. The labor input required to produce an automobile has declined significantly, but performing a symphony or a haircut requires the same amount of labor input as ever. Schooling may not be very different.
Despite new communication technologies and the internet, the labor input required to teach a given level of basic literacy and numerical skills has most likely remained constant. Hence we expect zero productivity growth of schooling. We use Baumol's (1967) famous cost-disease model to illustrate the implications of stagnant schooling productivity. In a two-sector economy with labor as the only factor of production, the sector with stagnant productivity (schooling) will face an increasing relative price, which reflects increasing cost pressures. The model shows that the sectoral difference in productivity growth determines the increase in the relative price of schooling. If, however, the increase in the relative price of schooling exceeds the rate of productivity growth in other sectors of the economy, the productivity of schooling must have declined given that the quality of schooling output did not change over time (Section II).
We derive the price of schooling by dividing total current public expenditure on primary and secondary education by the number of pupils enrolled in public schools. We normalize the change in the price of schooling in 1970-1994 by three alternative measures: a GDP deflator, a deflator for producers of government services (PGS), and a deflator for community, social, and personal services (CSPS). Our calculations suggest that in many OECD economies, the price of schooling has risen faster than would be compatible with stagnant schooling productivity. For a given quality of schooling output, these findings imply that schooling productivity has declined (Section III).
We use performance of pupils in standardized achievement tests as a measure of the quality of schooling output. Consistent time series information on changes in the performance of pupils up to now exists only for the United States, where the cognitive achievement of pupils by and large did not change in 1970-1994. We use the constant performance of US pupils as our intertemporal benchmark.
By reformatting the level and the distribution of test scores in previous international cross-country tests, we derive a measure of the cognitive achievement of pupils in mathematics and natural science in OECD countries which can be traced over time relative to the constant performance of US pupils (Section IV).
We find no evidence of substantial improvements in our measure of the quality of schooling output for a sample of OECD countries in , with Sweden and the Netherlands as probable minor exceptions. Hence for many OECD countries, our estimates of the decline in schooling productivity in Section III can be regarded as a lower bound. Our results reveal that what has been called a productivity collapse in US schools (Hanushek 1997) appears to be a small problem when compared with the estimated productivity decline of schooling in other OECD countries.
II. THE PRICE OF SCHOOLING AND SCHOOLING PRODUC-TIVITY
In many service industries, measures of total expenditure and inputs are readily available but measures of prices and productivity are notoriously difficult to come by because service output is difficult to disentangle from service price. In schooling, the situation is different. Schooling output can be measured independent of price, because there are regular measures of the quality of schooling. Given that the cognitive achievement of students did not change over time, as in the United States in 1970 -1996 (Hanushek 1998 , total schooling expenditure (e xp S ) equals price ( p S ) times the number of pupils ( pup q ), so the price of schooling follows as total schooling expenditures divided by the number of pupils with constant quality:
(1) p exp pup
Knowing the change in the relative price of schooling allows for an assessment of the change in schooling productivity. This reasoning follows from the costdisease model suggested by Baumol (1967) . A constant amount of labor (L) is the only factor of production. The model has two sectors. We call one sector S (schooling), with productivity growth r S . The other sector (O) has productivity growth r O . Sectoral productivity growth differs, with r O larger than r S . Output of the two sectors can be described by two production functions as Wages per unit of labor (w) in the economy are determined in a competitive labor market by labor supply and labor demand. Profit-maximizing firms will demand labor until the value of the marginal product of a unit of labor equals the wage. The marginal products of labor in the two sectors are given by the derivation of the two production functions as
Equating the value of the marginal products to the wage gives and hence the relative price of schooling follows as
This equation implies that the percentage change over time in the relative price of schooling equals the sectoral difference in productivity growth:
Thus, a change in the relative price of schooling which exceeds the rate of productivity growth in the other sectors of the economy implies that the productivity of schooling must have declined, given that the quality of schooling output did not change as assumed in equation (1).
For an empirical analysis, the model can be reformulated to focus on the GDP-deflated price of schooling and on total factor productivity growth by using two additional equations. First, the price level of GDP may be written as 
where ∆ indicates an annual rate of change.
Second, the economy-wide growth rate of total factor productivity is given by
, which can be rearranged to
Inserting (13) into (11) and subtracting g TFP from both sides gives
which shows that an increase in the GDP-deflated price of schooling which exceeds the growth rate of total factor productivity growth implies that schooling productivity must have declined.
Another possibility to use the model for an empirical analysis is to focus only on the service sector. In this interpretation, S indicates schooling as before and O indicates other service industries (Ser), which are known to exhibit stagnant or near-stagnant productivity. Otherwise, equations (2) , which shows that a positive change in the price of schooling relative to the change in the price of other services implies that schooling productivity must have declined, at least relative to the productivity of the reference sectors. The advantage of this approach is that estimates of total factor productivity growth are not required to determine changes in the productivity of schooling. The disadvantage is that only relative changes in productivity can be identified as long as r O Ser is presumed rather than observed to be close to zero.
Estimates of the change in schooling productivity based on equations (14) and (15) (14) and (15).
III. MEASURING CHANGES IN THE PRICE OF SCHOOLING
As in equation (1) 
Basic Results
Column (1) There are large differences across OECD countries in the GDP-deflated change in the price of schooling, ranging from 9.2 percent in the case of Portugal to 1.7 percent in the case of Sweden and the Netherlands. Service-sector-deflated changes in the price of schooling also differ substantially across OECD countries, again with relatively low rates for Sweden and the Netherlands.
Notwithstanding substantial differences in the deflator-specific results for some countries like France, the general impression remains that the implied changes in the relative price of schooling appear to be too large for almost all countries to be compatible with the assumption of constant schooling productivity, because that would imply unreasonably high rates of total factor productivity growth as well as unreasonably high rates of productivity growth in labor-intensive public sector services and in private community, social and personal services. Dougherty and Jorgenson (1997) report average annual rates of total factor productivity growth for G7 countries in 1973-1989. They find differences in the rate of total factor productivity growth ranging from 0.3 percent in the United
States to 1.4 percent in France (Table 2 , column (4)). Subtracting these figures from the GDP-deflated increase in the price of schooling, we see that the price of schooling in G7 countries has risen by 2.2-4.4 percentage points faster than the rate of total factor productivity growth, which implies a decline of schooling productivity of that order (column (1)).
Our estimates of the change in the price of schooling relative to the two other labor-intensive service sectors support our finding that schooling productivity has declined substantially in many OECD countries. The results based on the PGS deflator and the CSPS deflator are by and large similar and also confirm the direction of our estimates for G7 countries (columns (2) and (3)). Taken together, our three measures of changes in the relative price of schooling indicate that schooling productivity seems to have declined in many OECD countries, and that there seem to be large differences in the change of schooling productivity across OECD countries.
Results for the United States: A Digression
Our results in Table 2 suggest that most OECD countries display a higher increase in the relative price of schooling than the United States. For the United care and housing from the CPI-S). However, a production-side deflators like PGS and CSPS States, we find that schooling productivity declined by 1.2 percent per year relative to other service sectors, which contrasts with Hanushek's (1997, p. 192) result that "educational productivity is falling at 3.5 percent relative to low productivity sectors of the economy." Differences between national and UNESCO data, differences in the deflators employed, differences in the time periods considered, or a combination of all these factors could explain the different results for the United States.
Hanushek (1997) Table 1 , column (1)). 6 Furthermore, Hanushek (1997) uses a Consumer Price Index for services appear to be preferable according to the underlying model. 5 Since education data are reported by school year, e.g. 1990-91, it is arbitrary whether the data are allocated to the beginning (1990) or to the end (1991) of the school year. While Hanushek (1997) uses the end of the school year, we use the beginning of the school year because we think that decisions on educational spending and numbers of students enrolled are for the most part fixed at the beginning of the school year. Therefore, what Hanushek calls 1967-91 would be called in our classification. 6 The difference between the US Department of Education figure of 8.2 percent and the UNESCO figure of 7.8 percent for the 1970-94 period confirms that our 1994 figure may underestimate the increase in the price of schooling because of the structural break in the UNESCO data between 1990 and 1994 (see below).
(CPI-S) to deflate nominal expenditure per pupil. The entry in his Table 2 incorrectly reports the CPI deflator and not the CPI-S deflator in 1982-91.
Recalculating the CPI-S deflator on the basis of the original data (Council of Economic Advisors 1999) reveals that the actual increase in the CPI-S is 4.8 percent in 1982-1991 and 7.0 percent in 1967-1991 . Therefore, the decline in schooling productivity estimated by Hanushek is 2.8 percent in 1982-91 and 2.5 percent in 1967-91, rather than 3.5 percent. For our sample period 1970-94, the average annual change in the CPI-S deflator is 6.6 percent. That is, it is exactly equal to the PGS deflator and the CSPS deflator calculated on the basis of UN data (see Table 1 ).
The difference between the annual rate of change in educational expenditure per pupil and the annual rate of change in the CPI-S deflator equals 1.5 percent in 1970-1994. Our reported estimate of 1.2 percent in Figure 1 reflects that our 1994 figure most likely underestimates educational expenditure because of a structural break in the UNESCO data series (see below). Otherwise, the difference between our results and Hanushek's results are neither related to different data sources nor to different deflators and can be completely ascribed to differences in the sample period. In the United States, the increase in the price of schooling has been similar to the increase in the prices of other services since the early 1990s, which is the sole reason for our lower estimate of the increase in the relative price of US schooling in 1970-1994 compared to the (corrected) estimates for 1967 -1991 and 1982 -1991 by Hanushek (1997 .
Robustness of Results
Our general results for 1970-1994 may suffer from structural breaks in the education data series which are due to certain reclassifications after 1990 in countries participating in a survey jointly conducted by UNESCO, OECD, and
Eurostat. Comparisons of educational time series data for the 1990s are potentially unreliable because of variations in the schooling programs covered by secondary education and because of conceptual changes which distribute expenditure previously reported as a residual category among the different levels of education. Overall, it seems that in the UNESCO statistics, a large increase in pupils reported to be enrolled in secondary education is not accompanied by an equivalent increase on the expenditure side. For example, the number of pupils enrolled in secondary education in the United Kingdom was 46.4 percent higher in 1993 than in 1991, while expenditure at the secondary level were only 28.5 percent higher. 7 The structural break in the education data series may cause a downward bias in our estimated increase in the price of schooling because the increase in expenditure seems to be underreported relative to the increase in pupils for a number of countries between 1990 and 1994.
To control for this possibility, we calculate the average annual change in the price of schooling in , where no structural break biases our findings.
As expected, column (5) of Table 1 shows that the price of schooling increased faster in every country except Mexico in 1970 Mexico in -1990 Mexico in than in 1970 . For many OECD countries, the annualized difference is larger than one percentage point.
This finding suggests that our estimates of the increase in the price of schooling in 1970-1994 probably underestimate the true productivity decline in schooling.
In contrast, our findings may overstate the true increase in the price of schooling if spending on more expensive secondary education increased relative to spending on primary education. To take account of such possible shifts in the structure of spending, we calculate changes in the price of schooling in 1970-1994 as if the shares of pupils in primary and in secondary education had remained constant at their 1970 level. Column (6) of Table 1 provides the results.
The largest difference relative to column (1) is 0.6 percentage points in the case of Mexico. 8 We conclude that a shift in the structure of expenditure towards secondary education cannot account for the large increase in the relative price of schooling in most OECD countries. 8 In Canada, Denmark, and the United States, no breakdown of schooling expenditure between the first and second level is available for 1970 data. However, the shift between first-level and second-level pupils was small in these countries. In the United States, the share of first-level pupils in first-and-second-level pupils changed from 59 percent in 1970 to 53 percent in 1994. In Germany, the 1994 expenditure breakdown is not available. However, the fact that the calculation assuming a constant 1970 pupil share gives an average annual increase in the price of schooling of 7.6 percent for the period 1970-90 as compared to the previous estimate of 8.5 percent suggests that up to one percentage point of the increase in the price of schooling in Germany may be due to the large shift in the German pupil population from primary to secondary education.
One major objection remains to our finding of a decline in schooling productivity. Our empirical measure of the price of schooling is based on expenditure per pupil. Rising expenditure per pupil may not only reflect an increase in the price of schooling, but also an improved quality of schooling output. If the quality of schooling output had actually improved over time, the calculated changes in the relative price of schooling could not be interpreted as indicating a decline of schooling productivity. To clarify this possibility, we calculate a measure of the change in schooling output.
IV. MEASURING CHANGES IN SCHOOLING OUTPUT
The problem with measuring schooling output over time is that consistent timeseries data on the cognitive achievement of pupils are available only for the We limit our sample to countries which have participated in both the 1970 study and the 1994 study. This leaves us with a sample of 11 OECD countries.
We provide background information on achievement data in the appendix and we list the original results of the international achievement tests in Given H1, we derive a measure of the change in the cognitive achievement of pupils in country i relative to the performance of US pupils as is the transformed test score of country i at time t in subject s and age group a, subject s is either equal to 1 (science only) or to 2 (mathematics and science), and age group a is equal to 3 (with 1 = primary school years, 2 = middle school years, and 3 = final school years) except for the 1964 mathematics study, where it is 2 (given that there were no tests in the primary school years). 10 The hypothesis of a constant mean and standard deviation in our OECD sample is justified if the distribution of test scores across OECD countries did not change substantially over time. 11 That is, H1 implies that the average standard deviation reported under the TIMSS test design also prevails in all subtests conducted in our sample of countries in the early 1970s. Column (1) of Table 3 shows our results under H1 for the science tests, and column (2) for the 10 Missing data for subtest scores, as evident from Table A .2, are replaced by assuming that the test score of a country relative to the United States in a specific subtest is equal to the average score of that country relative to the United States in the other subtests for the given subject and year.
11 Hanushek and Kim (1995) Columns (3) and (4) Using equation (22) (5) and (6) of Table 3 show our results under H3, which do not differ substantially from our results for changes in the quality of schooling output derived under H1 and H2.
We interpret our findings under H1-H3 as suggesting that no OECD country has achieved a sizable increase in schooling output in . While there may have been a slight increase in the cognitive achievement of pupils in the Netherlands and in Sweden, and probably constant performance in Italy, all other countries in the sample seem to have faced a decline in student achievement in mathematics and science. On average, the performance of pupils appears to be flat in OECD countries in 1970-1994.
V. CONCLUSION
Figure 2 summarizes our empirical findings. We plot the average change in the performance of pupils in science and mathematics against the average increase in the relative price of schooling. We find a negative relation between our measure of the change in the quality of schooling output and changes in the relative price of schooling across OECD countries (the Pearson rank correlation coefficient is -0.47). Since the quality of schooling output tends to have declined in those countries with the highest increase in the relative price of schooling, the true decline in schooling productivity could be underestimated when measured as reported in Table 2 .
We conclude that what has been termed a productivity collapse in US schools by Hanushek (1997) is dwarfed by the decline of schooling productivity in many other OECD countries, with Sweden and the Netherlands as probable exceptions. Only in these two countries, an increase in our measure of student performance is accompanied by a moderate increase in the relative price of schooling. Other OECD countries in our sample experienced larger increases in the relative price of schooling than the United States and, with the exception of Italy, a relative decline in the performance of their pupils in cognitive achievement tests.
The observed large international differences in the decline of schooling productivity are a question for further research. Different schooling institutions may be one reason for differences in the decline of productivity. For instance, differences in the degree of competition between private and public schools, the existence of nation-wide examinations, or the degree of autonomy of schools in deciding on the hiring and the remuneration of teachers are institutional features which may help to understand why the decline in the productivity of schooling is larger in some countries than in others.
Overall, our findings tend to confirm the positive theory of education expenditure by Pritchett and Filmer (1999) , who claim that resource allocation in the education sector does not follow a constrained output-maximizing rule. They develop a behavioral theory of expenditure allocation where educational resource allocation is mainly determined through rent seeking, and not through competitive markets. With regard to educational policies, their theory and our empirical findings imply that instead of higher expenditures on education, the structure of decision making and the incentives within the education sector have to be changed in order to improve the productivity of schooling. 
APPENDIX
Basic education data and the deflators used in our calculations are presented in (1) Education Data (from UNESCO, Statistical Yearbook, var. iss.)
• The 1970 and 1990 education data for Germany refer to West Germany only, while the 1994 data refer to unified Germany. The inclusion of East German data in 1994 may understate the schooling price increase in West Germany since teacher wages and other costs were lower in the East Germany in 1994.
CUREXP: Current public expenditure on education (Table 4 .1 of the 1998 Yearbook)
• For Greece, Japan, Sweden, the United Kingdom, and the United States the 1994 figure is total PERFIR: Percentage of current educational expenditure spent at the first level of education (Table 4. • For several countries, published expenditure on primary education include expenditure on preprimary education for selected years. In these cases, we extracted the pre-primary expenditure share in the following way: We use the data on pupils enrolled at the pre-primary level (Table 3.3 in the 1998 Yearbook), which is available for all years of our samples, to calculate the share of pre-primary pupils in the sum of pre-primary and primary pupils for the year in which the spending breakdown between primary and pre-primary level is given and for the year in which it is not given. We then calculate the share of pre-primary spending in the sum of pre-primary and primary spending for the year in which the breakdown is given. Assuming that the share of preprimary spending moved parallel to the share of pre-primary pupils, we can extrapolate the preprimary spending figure to the year in which the breakdown is not given. This enables us to subtract the pre-primary share of educational expenditure from the published joint expenditure on primary and pre-primary education. Since pre-primary spending and pupils always represent a minor share relative to primary or secondary spending and pupils, this adjustment does not significantly influence our results.
• We made the following adjustments. For Canada, Denmark, Ireland, Spain, the United Kingdom, and Australia, data on educational expenditure in 1994 were used to subtract pre-primary PERSEC: Percentage of current educational expenditure spent at the second level of education (Table 4 .2 of the 1998 Yearbook)
• For the United Kingdom, the 1994 figure is the average of 1993 and 1995 . For Japan, the 1990 figure is the average of 1988 and 1992 . For Denmark, the 1990 
PUPFIR:
Total pupils enrolled at the first level of education (Table 3 .4 of the 1998 Yearbook)
• The 1994 figure for the United Kingdom includes pupils enrolled in infant classes in primary schools, previously considered as pre-primary education, as well as pupils below compulsory school age in independent and special pre-primary schools.
PUPSEC:
Total pupils enrolled at the second level of education (Table 3 .7 of the 1998 Yearbook)
• For New Zealand, the 1970 figure is pupils enrolled in general secondary education in 1970 times the 1975 relation of pupils enrolled in total secondary education to pupils enrolled in general secondary education.
(2) Deflators (from United Nations, National Accounts Statistics, var. iss.)
• Deflators for a given year are calculated by dividing expenditure in current prices by expenditure in constant prices, after adjusting the constant-price data so as to reflect the most recent base • PGS and CSPS data were not available for the sample period for Ireland, New Zealand, Norway, Portugal, Switzerland, and the United Kingdom. CSPS data were not available for Spain.
• For France, the PGS data include "Other producers" (private non-profit services to households and domestic services). For Italy, the CSPS data include Finance, insurance, real estate and business services. The constant-price CSPS figures for the Netherlands encompass ISIC codes 6 to 9 until 1986.
• The GDP data for New Zealand were taken from the OECD Statistical Compendium CD-Rom, edition 2/1998, since the UN publications did not include the 1970 figures.
(3) Achievement Data (from Lee and Barro (1997) and IEA (1998))
• The 1964 mathematics study was conducted in 11 countries, the 1970-71 science study in 17 countries, and the different TIMSS subtests were conducted for different sample sizes ranging from 21 countries to 39 countries. Almost all studies include three subtests for pupils in the primary, middle, and final school years. The exception is the 1964 mathematics study, which was not conducted for pupils in the primary school years. In this study, pupils in the middle school years were aged 13. In the first science study , pupils in the primary school years were aged 10 and pupils in the middle school years were aged 14. In the TIMSS study, pupils in the primary school years are selected from the two grades with the largest proportions of 9-year-olds (third and fourth grades) and pupils in the middle school years are selected from the two grades with the largest proportions of 13-year-olds (seventh and eighth grades). Final school years always refers to pupils in their last year of secondary education.
• The data for the first IEA mathematics study and the first IEA science study are taken from Lee and Barro (1997) . They are reported in percent-correct format.
• The TIMSS data are taken from several publications by the IEA (1998). They are reported in proficiency scale, which is constructed to generate an international mean of 500 and a standard deviation of 100 over the range of 0 to 1000 for the countries participating in a test. 1970 1990 1994 1970 1990 1994 year 1970 1990 1994 1970 1990 1994 1970 1990 1994 Source: Tables 2 and 3 . 1970-94 1970-94 1970-94 1970-94 1970-90 1970-94 (1) (2) (3) (4) (5) 
